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Abstract There are many synergies between a diet that is
healthy for the heart and one that is healthy for the planet,
but there may also be tensions. We examined the Barilla Cen-
ter for Food and Nutrition’s double pyramid to describe the
carbon, water, and ecological footprints of the components of
a cardio-protective diet. Overall, fruits, vegetables, and whole
grains all tend to have low carbon and water footprints, while
nuts and olive oil have relatively higher water footprints and
fish have a high ecological footprint. In order to increase the
sustainability of a cardio-protective diet, consumers can
choose nuts (e.g., walnuts) and oils (e.g., sunflower) with
lower water footprints and sustainably produced fish. Howev-
er, in order to increase consumption of these foods, parallel
efforts should be implemented targeting consumer knowledge
and incentives to make these foods more affordable.
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Introduction
Cardiovascular disease (CVD) is the leading cause of death
worldwide, accounting for one in four deaths in 2010 [1].
Although in the past, the burden of CVD was largely in
high-income countries, approximately three quarters of deaths
from CVD now occur in the developing world [2], often at a
young age [3]. In 2010, the global cost of CVD was estimated
to be US$863 billion, and it is projected to rise by 22 % by
2030 [4]. In order to address the burden of CVD, as well as
other non-communicable diseases (NCDs), prevention is key.
This is particularly important in the developing world, as ma-
ternal undernutrition and low birth weight may contribute to
an increased risk of CVD for their offspring later in life [5].
Dietary risk factors are a major contributor to the global
burden of NCDs such as CVD [6]. By consuming a diet high
in fruits and vegetables, whole grains, nuts, vegetable oils, fish
and shellfish, and dairy products and consuming less fats and
oils containing trans fat, processed meats, sugar sweetened
beverages, desserts and bakery foods, and alcohol while main-
taining energy balance, CVD risk would decrease [6]. How-
ever, the diets of populations worldwide often diverge from a
cardio-protective diet. In order to support the consumption of
a cardio-protective diet, a shift in the way food is both pro-
duced and consumed is necessary.
Our current food system is fractured—the way food is pro-
duced (and how it moves through the supply chain) has led to
high greenhouse gas (GHG) emissions, depletion of water
sources, and biodiversity losses. These environmental chang-
es are linked to anthropogenic (i.e., human) activity [7••].
More specifically, the global production of food is responsible
for upward of 30 % of GHG emissions (from food production
through to consumption) and more than 70 % of fresh water
use (withdrawn from rivers, lakes, and aquifers) [7••]. It is also
the largest cause of species biodiversity loss [8].
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The majority of the GHG emissions in the food system can
be attributed to agricultural production [9]. At the same time,
agriculture is responsible for a significant amount of blue (sur-
face and groundwater), green (rainwater), and grey (volume of
water required to dilute pollutants to the extent that the water
quality remains above agreed upon standards) water depletion
[10–12]. The agricultural sector accounts for 85 % of the
global blue (surface and groundwater) water consumption
[13]—one third of the total agriculture-related water footprint
can be attributed to the production of animal products, most of
which is related to animal feed [11].
There have also been marked changes in biodiversity—
although it has been estimated that 7000 different plant
species have been used by humans at one point in time
[14•], the world’s agricultural landscape is now dominated
by only 12 species of grain crops, 23 vegetable crop spe-
cies, and 35 fruit and nut crops [15]. Moreover, of the 40
livestock species consumed by humans, five species ac-
count for 95 % of today’s agriculture and food production
[16, 17].
As the demand for food increases as populations grow and
gain wealth to purchase a more varied diet, there will be in-
creased competition for land, water, energy, and other inputs
into food production [18••]. The concept of healthy and sus-
tainable diets presents an opportunity to advance commit-
ments to sustainable development and healthy food produc-
tion and consumption while promoting vibrant agro-ecosys-
tems. The Food and Agriculture Organization [19] has defined
sustainable diets as Bdiets with low environmental impacts
which contribute to food and nutrition security and to healthy
life for present and future generations. Sustainable diets are
protective and respectful of biodiversity and ecosystems, cul-
turally acceptable, accessible, economically fair and afford-
able; nutritionally adequate, safe and healthy; while optimiz-
ing natural and human resources.^ Although, this definition is
comprehensive, it is also complex and difficult to conceptual-
ize what such a diet would look like. Moreover, it suggests
that the different components of a sustainable diet are syner-
gistic when, in reality, there will inevitably be trade-offs [20•,
21••].
Several studies in recent years have examined the carbon
footprint associated with different dietary patterns [22••, 23•].
Although the reduction in GHG emissions associated with
dietary shifts will differ from one context to another, shifting
toward a vegan diet will likely elicit the largest reductions in
GHG emissions [22••, 24••]. More specifically, a vegan diet
would reduce emissions by between 24 and 53%, a vegetarian
diet would result in a GHG emission reduction between 18
and 35 % whereas a Mediterranean diet would result in a
reduction between 6 and 17 % [22••]. Although less research
has been conducted on the water footprint of food, it is likely
that any reduction in animal products—beef in particular—
would result in a lower water footprint [10]. These dietary
shifts could lead not only to a reduction in GHG emission
but also to NCDs such as CVD [24••].
Although overall healthy diets tend to be sustainable [22••],
there is some evidence to suggest that there may be a trade-off
between health and sustainability [25]. Thus, the objective of
this paper was to examine the sustainability of the components
of a cardio-protective diet by examining the carbon, water, and
ecological footprint of foods that have been associated with a
reduced risk of CVD.Although a sustainable diet goes beyond
simple carbon and water footprints, the majority of the
existing evidence focuses on these aspects of sustainability.
Overview of the Sustainability of a Cardio-Protective
Diet
The components of a cardio-protective diet examined were
based on the analysis conducted by Mozaffarian et al. [6].
The carbon, water, and ecological footprints of these compo-
nents were then examined using data from the Barilla Center
for Food and Nutrition for their double pyramid report [26••].
The carbon, water, and ecological footprints were only avail-
able for grains and meat more generally rather than for whole
grains and processed meats specifically. The Barilla Double
Pyramid did not include nuts or alcohol. For that reason, we
used values for the carbon footprint from Green et al. [27] and
water footprint from Mekonnen and Hoekstra [12]; however,
we were unable to examine the ecological footprint of these
components of a cardio-protective diet.
The carbon footprint was calculated based on the impact of
the production of goods and services throughout the entire life
cycle and is expressed in emissions of carbon dioxide equiv-
alents [26••, 28]. The water footprint was calculated based on
the amount of freshwater (green, blue, and grey) used to man-
ufacture a product by totaling the water used at each stage of
the production chain [26••, 29]. The analysis conducted by
Mekonnen and Hoekstra was used to ascertain the water foot-
prints of specific fruits, vegetables, nuts, and oils [12, 30]. The
ecological footprint was calculated based on the surface area
of land and water that is required for replacing the resources
used as well as absorbing the waste in relation to the earth’s
capacity to regenerate natural resources [26••, 29].
Although there are many sources of carbon and water foot-
print calculations, these tend to be focused on a specific loca-
tion (e.g., state or country). We chose to use the Barilla Foun-
dation’s calculations for the carbon, water, and ecological
footprint given that they incorporate values from over 250
sources and are thus more broadly applicable across settings
[31]. Moreover, the water footprint calculations conducted by
Mekonnen and Hoekstra [12] are average values at the global
level rather than being based solely on one region. Although
there will be some variability in the carbon and water foot-
prints calculated based on the specific location, there are
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international guidelines for conducting life cycle analyses [28]
which increases the comparability of calculations conducted
in different contexts.
Figure 1 provides an overview of the carbon, water, and
ecological footprints of the different components of a cardio-
protective diet as calculated by the Barilla Center for Food and
Nutrition for their double pyramid [26••]. Overall, most of the
components of a cardio-protective diet have a relatively low
carbon, water, and ecological footprint. In terms of foods to
encourage, cheese has the highest carbon footprint, while
cheese, olive oil, and dried fruit have the highest water foot-
prints. Although fish1 has relatively low carbon and water
footprints, its ecological footprint is the highest among the
components of a cardio-protective whose consumption is en-
couraged. Regarding the foods to limit, meat—and beef in
particular—has the largest carbon, water, and ecological foot-
print while cookies and sweets tend to have relatively low
carbon, water, and ecological footprints. The individual com-
ponents of a cardio-protective diet and the environmental im-
pact of their production are described in greater detail below.
Energy Balance
Energy balance is important both in terms of maintaining a
healthy body weight and ensuring the sustainability of the
food system. Although energy balance on its own may not
prevent CVD, reducing portion sizes and weight loss in over-
weight and obese individuals with diabetes is recommended in
order to reduce CVD risk [6, 32–34]. A review of the GHG
emissions associated with 16 different dietary patterns found
that very high-calorie diets (2400–2800 kcal/capita/day) had
higher emissions as compared to lower energy diets
(<2100 kcal/capita/day) [35]. Moreover, reducing food con-
sumption in overweight/obese populations has been highlight-
ed as a key area for reducing GHG emissions [9].
Components of a Cardio-Protective Diet: Foods
to Encourage
Fruits, Vegetables, and Nuts
According to the Global Burden of Disease data, consuming
more fruits, vegetables, and nuts would reduce the burden of
disease worldwide, largely through reductions in NCDs such
as CVD [36]. Although these foods are promoted as a means
of reducing the risk of diet-related disease, most populations
are consuming them in insufficient quantities. From a health
perspective, the evidence to support increased consumption is
straightforward; however, from a sustainability perspective, it
is much more nuanced. Although fruits, vegetables, and nuts
tend to have a low carbon footprint, particularly root vegeta-
bles (e.g., carrots), tubers (e.g., potatoes), and harder fruits
(e.g., apples) [21••], the water footprints of dried fruit, fruit
juice, and nuts tend to be larger [12, 26••].
Figure 2 depicts the global average water footprint of var-
ious different fruits and vegetables. Overall fruits and vegeta-
bles tend to have low water footprints; however, there are
marked differences in the water footprint of the different types
of fruits and vegetables [12]. For example, avocados, which
have a relatively high amount of healthy monounsaturated fat,
have a water footprint that is ten times higher than that of
carrots and turnips [12]. Although consuming avocados on a
regular basis may be beneficial from a CVD perspective [37],
increasing their consumption may not be beneficial from an
environmental perspective. There are also large variations in
the water footprint of different fruits. The global average water
footprint of watermelon is over 13 times lower than that of figs
[12]. Moreover, dried fruits and fruit juices tend to have a
larger water footprint than their non-processed counterparts.
For example, fresh apples have a water footprint of 822m3/t as
compared to 1141 m3/t for apple juice and 6847 m3/t for dried
apple [12]. Thus, from an environmental perspective, fresh
fruit tends to be better than the more processed varieties. It is
likely that fresh fruit is more health promoting than processed
fruit as well [38], which may be related to the lower fiber
content of fruit juice leading to a more rapid, and larger, in-
crease in serum glucose levels after consuming fruit juice as
compared to whole fruits [39].
The consumption of nuts has been associated with a reduc-
tion in the risk of CVD [6]. However, as compared to fruits
and vegetables, there tends to be a larger disconnect between
the health and environmental impacts of consuming nuts giv-
en their relatively large water footprint. Nevertheless, the wa-
ter footprint is quite variable for different nut varieties, making
it possible to shift consumption toward nuts with lower water
footprints while retaining the health benefits of their consump-
tion (Fig. 3). For example, although shelled almonds tend to
have a high water footprint, various other nuts including
groundnuts (i.e., peanuts) (high in monounsaturated fat) and
walnuts (high in omega-3s) have a substantially lower water
footprint [12]. However, it is important to recognize that even
though the water footprint for nuts (global average 9063 m3/t)
can be high, it still remains much lower than for animal prod-
ucts such as beef (global average 15,415 m3/t) [11].
Whole Grains
Consuming whole grains such as whole grain bread, cooked
whole grain rice, pasta, or cereal can reduce the risk of CVD
1 In the Barilla Double Pyramid, the type of fish (aquaculture versus wild)
was not specified. It is important to acknowledge this limitation given that
the environmental footprints of wild versus farmed fish can differ
markedly.
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[6]. Although there is a paucity of information about the
differences in the environmental impacts of whole versus
refined grain, in general, grains tend to have both low
carbon and water footprints. Of the grains (rice, pasta,
bread) that were examined in the Barilla Double Pyramid,
rice had the highest carbon and water footprints, albeit
still relatively low. This is due to the way in which rice
is produced—it often requires irrigation, and flooded rice
fields are a significant source of methane [40]. In fact, it
has been estimated that rice production contributes to
10 % of all global agricultural production emissions [8].
This is driven by both the extensive cultivation of rice
worldwide and its relatively higher contribution to GHG
emissions as compared to other cereal crops—wheat has
one fifth of the GHG emissions as rice per gram of pro-
tein [24••].
Fish and Shellfish
Consuming 60 g/day of fish has been shown to reduce mor-
tality by 12 % [41]. Although the evidence to support the
health benefits of fish consumption is strong, there are poten-
tial trade-offs between the health benefits and the environmen-
tal impact of increasing fish consumption. Although fish do
not have a significant carbon footprint, their ecological foot-
print is relatively high mainly attributed to unsustainable
Fig. 1 a The water and carbon
footprints of the components of a
cardio-protective diet. The carbon
and water footprints for all foods/
drinks, with the exception of nuts
and alcoholic beverages, are from
the Barilla Double Pyramid
[26••]. The carbon footprint from
Green et al. [27] and water from
Mekonnen & Hoekstra [11, 30]
were used for nuts and alcoholic
beverages. Carbon footprint:
based on the impact of the
production of goods and services
throughout the entire life cycle
and is expressed in emissions of
carbon dioxide equivalents [26••,
28]. Water footprint: based on the
amount of freshwater (green,
blue, and grey) used to
manufacture a product by totaling
the water used at each stage of the
production chain [26••, 29]. b The
ecological footprint of the
components of a cardio-protective
diet. The ecological footprint for
all foods is from the Barilla
Double Pyramid [26••].
Ecological footprint: based on the
surface area of land and water that
is required for replacing the
resources used as well as
absorbing the waste in relation to
the earth’s capacity to regenerate
natural resources [26••, 29]
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fishing practices (e.g., overfishing, the use of trawlers, etc.).
However, fish is relatively sustainable as compared to terres-
trial animals [42].
Concerns have been raised in the past regarding the sus-
tainability of dietary recommendations to increase fish con-
sumption [43]. As both demand and the global population
continue to rise worldwide, aquaculture—the world’s fastest-
growing food production sector—will likely play a bigger role
in terms of meeting fish requirements [44]. Fish is one of the
most efficient converters of feed into high quality food, and its
carbon footprint is lower as compared to other animal produc-
tion systems [42]. Although, in the past, the fatty acid profile
of farmed fish tended to be lower in omega-3s, this has
changed with improvements in fish feed. A recent review of
Fig. 2 The global average water footprints of fruits and vegetables. All water footprint values are from Mekonnen & Hoekstra [11] and include the
green, blue, and grey water footprints of crop production which were estimated following the calculation framework of Hoekstra et al. [30]
Fig. 3 The global average water
footprints of nuts and oils. All
water footprint values are from
Mekonnen & Hoekstra [11] and
include the green, blue, and grey
water footprints of crop
production which were estimated
following the calculation
framework of Hoekstra et al. [30].
Groundnut = peanut
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the evidence conducted as part of the US Dietary Guidelines
Advisory Committee’s report found that for most species that
were evaluated, farm-raised seafood had even more omega-3s
(which are important for heart health) than their wild counter-
parts [45]. However, issues remain in terms of use of antibi-
otics [46] and use of fishmeal for fish feed rather that direct
consumption.
Dairy Products
Milk, yogurt, and cheese all contribute to a cardio-protective
diet [6]; however, as with all animal products, the carbon and
water footprints of dairy are high. The reason for the high
carbon and water footprints of dairy, as well as other animal
products, can be attributed to their feed.Moreover, 19% of the
global water footprint of farm animal production can be attrib-
uted to dairy cattle [11]. Of the dairy products, cheese has the
highest environmental impact given that it takes approximate-
ly 10 lb of milk to produce 1 lb of cheese [47]. Shifting toward
consumption of milk and yogurt will enable consumers to
retain the health benefits of consuming dairy while reducing
their environmental footprint.
Vegetable Oils
Consuming vegetable oils high in polyunsaturated fat (e.g.,
sunflower, soybean, etc.) can reduce the risk of CVD [6].
Although the evidence regarding the effects of consuming oils
high in monounsaturated fat (e.g., groundnut, rapeseed, saf-
flower, olive oil, etc.) on CVD risk is less clear [48], olive oil
has been singled out as a heart healthy oil given its central role
in the Mediterranean diet. However, olive oil has a relatively
high water footprint as compared to other oils high in unsatu-
rated fats such as soybean, rapeseed, sunflower, and ground-
nut (Fig. 3) [12]. Although demand for olive oil continues to
rise [49], from an environmental perspective, it may be bene-
ficial to promote the consumption of other heart healthy oils
particularly those high in polyunsaturated fat.
Components of a Cardio-Protective Diet: Foods
to Discourage
Fats, Oils, or Foods Containing or Made with PHO
Consuming trans fat-ridden partially hydrogenated oils
(PHOs) increases the risk of coronary heart disease [6, 50].
There is no safe limit of trans fat intake, and global recom-
mendations are to limit its intake as low as possible [51]. In
fact, the US Food and Drug Administration (FDA) recently
ruled to remove the generally recognized as safe (GRAS)
status from PHOs. Although the evidence of the health costs
of consuming trans fat is clear, there is little to no information
on the environmental costs of its consumption. Given that
PHOs can be made from various base oils, the environmental
footprint will be linked to that of the oil that is used for hy-
drogenation. One of the oils that has increasingly been used in
PHOs—as well as a being a replacement oil when products
containing PHOs are reformulated—is palm oil [52–54]. Al-
though the water footprint of palm oil is much lower than olive
oil, the ecological footprint is likely to be much higher given
the significant amount of deforestation that is taking place to
clear land for palm oil plantations which is increasing carbon
emissions and leading to losses in biodiversity [55].
Sugar-Sweetened Beverages, Desserts, and Bakery Foods
Although consuming large amounts of sugar-sweetened bev-
erages, desserts, and bakery foods is not recommended from a
health perspective, these foods tend to have relatively low
carbon and water footprints. Sugar, one of the most
demonized foods from a health perspective, has one of the
lowest environmental footprints of all crops [56]. Both sugar-
cane and sugar beet have lower water footprints than all other
food crops, the latter being lower than the former [12].
Processed Meats
In general, dietary recommendations to reduce CVD in-
clude limiting red meat. Lower consumption of red meat,
particularly that which is processed, has been consistently
shown to be a part of a dietary pattern associated with a
lower risk of CVD [6]. From an environmental perspec-
tive, meat consumption should be reduced for most popu-
lations worldwide, particularly those in high-income coun-
tries. Both the carbon and water footprints of beef are the
highest of any food item.
The production of 1 kg of beef protein requires 61.1 kg of
grain as compared to 38 kg of grain to produce 1 kg of pork
protein and 13.5 kg to produce 1 kg of fish [57]. At the same
time, 33 % of the global water footprint of farm animal pro-
duction can be attributed to beef production [11]. Although
from a health perspective, the products of grazing animals
tend to have an improved nutrient profile given their higher
levels of omega-3s, the stearic isomer of saturated fat (rather
than myristic and palmitic fatty acids), and vitamins [58],
grazing systems have a higher environmental impact as com-
pared to industrial production systems [11, 59]. The higher
water and carbon footprint associated with grazing can be
attributed to the improved feed conversion efficiencies (about
three to four times more feed is required for grazing systems
[11]) in industrial production systems and to the higher meth-
ane production associated with consumption of grass rather
than grain-fed cattle [59].
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Alcohol
There is a J-shaped relationship between alcohol intake and
CVD risk [60]. Recommendations suggest that for those who
do drink, women should consume no more than one and men
no more than two drinks per day for CVD prevention [6].
There may be an increased risk of other NCDs (e.g., breast
cancer) at even lower levels of intake [61]. From an environ-
mental perspective, the carbon and water footprints of alcohol
are relatively low but vary based on the type of alcohol—wine
tends to be higher than that of beer [12, 62]—and its point of
origin (i.e., imports). However, if alcohol intake continues to
rise, the environmental and health impacts will increase along-
side it [63].
The Trade-Offs Between Improving Cardiovascular
Health and Protecting the Environment
There are many synergies between a diet that is healthy
for the heart and one that is healthy for the planet; how-
ever, there are some foods that may have trade-offs in
terms of their health benefits and their impact on the
environment. More specifically, fish and nuts both have
significant benefits from a health perspective but tend to
have a large ecological and water footprint, respectively.
Moreover, olive oil has a large water footprint and cheese
has both large carbon and water footprints. At the same
time, consumption of foods such as sweets and bakery
products is not beneficial from a health perspective yet
has a lower environmental footprint. However, as manu-
facturers increase the use of palm oil in these products—
which is likely to happen as they reformulate in response
to the FDA’s ruling—their environmental footprint may
increase. Nevertheless, there are choices that can be made
in order to reduce the environmental footprint of a cardio-
protective diet while retaining the health benefits. For ex-
ample, consumers can choose to eat nuts, oils, and dairy
products with lower carbon and water footprints and can
consume fewer calories overall. At the same time, there
are also synergies between what is bad for the environ-
ment and health; for example, palm oil as well as proc-
essed and red meat. However, it is important to note that
red meat is an important source of iron and zinc, particu-
larly as a complementary food for infants and young chil-
dren [64].
Potential Threats to Increasing Consumption
of the Components of a Cardio-Protective Diet
As demand for the foods that are consistent with a cardio-
protective diet and the global population increases,
production of the components of cardio-protective diet will
need to increase as well. However, there are potential
threats to increasing production and consumption of these
foods. As production increases, it will need to be done
sustainably.
Plant biodiversity has declined worldwide which has af-
fected both the number and diversity of species of pollinators
[65], which has important implications for the production of
fruits, vegetables, nuts, and seeds. Pollinators have been de-
clining worldwide both in managed honey bee colonies as
well as in the wild, which is problematic given that they con-
tribute to the yield for an estimated 35 % of global food pro-
duction [66]. A recent study examining the nutrition and
health outcomes associated with a decreased intake of
pollinator-dependent foods found that under full pollinator
service loss, the average fruit supply would decline by
22.9 %, vegetables by 16.3 %, and nuts and seeds by
22.1 % [66]. This would subsequently increase the burden
of disease associated with NCDs including ischemic heart
disease and stroke [66].
There is a need to recognize that many of the foods that
promote CVD health are often more costly than those that
hinder it, and there has been some evidence to suggest that a
sustainable diet is alsomore costly [67]. Fiscal policies may be
needed in order to realign price incentives in order to promote
healthy and sustainable diets for all populations, including
low-income consumers [68]. For example, governments
should invest in research and development into the sustainable
production of heart healthy foods. At the consumer level, tax-
es and subsidies could be used to incentivize consumers to
purchase foods that are healthy and sustainable. At the same
time, consumer knowledge will need to be increased. For ex-
ample, seafood watch provides consumers with guidelines on
how to choose seafood that has been produced sustainably
[69].
Conclusions
There are many synergies between a diet that is good for
the heart and one that is good for the planet, but there are
also inconsistencies. Healthy foods are not necessarily sus-
tainable. However, the carbon and water footprints can be
quite variable among different foods within the same food
group, making it possible to make food choices that are
both cardio-protective and have a relatively low environ-
mental impact. In order to promote the consumption of
healthier foods that are produced in a sustainable way,
production of these foods will need to increase in a way
that does not exacerbate already existing strains on the
environment. This will necessarily need to be context
specific.
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